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[description] 

[invention Title] 

PHOSPHOR AND LIGHT EMITTING DEVICE USING THE SAME 

[Technical Field] 

The present invention relates to a phosphor and a light 
emitting device using the same, and particularly, to a phosphor 
which is excited by any wavelength of light and emits other 
wavelength of light and a light emitting device using the same. 
More particularly, it relates to a phosphor emitting white light 
by a specific wavelength of light and a light emitting device 
using the same. 

[Background Art] 

A method of manufacturing a white light emitting device 

which has been recently vigorously progressed in worldwide is 

divided into a phosphor application method which obtains white 

color by adding a phosphor on a blue color or ultraviolet ray 

light emitting device in a single chip form and a multi chip 

method which obtains white color by combining a plurality of 

light emitting chips to each other in a multi chip form. 

Specifically, a representative method of embodying a white 

light emitting device in the multi chip form is to manufacture 

by combining three chips of RGB (Red, Green, and Blue) . 

However, the method has problems in that non-uniformity of an 

operating; voltage in each chip and a color coordinate change by 
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the output change in each chip depending on surrounding 
temperature. Due to such problems, the multi chip method can be 
properly applied to a purpose of special illumination required 
for the display of various colors by adjusting brightness of 
each light emitting device through a circuit structure than the 
embodiment of a white light emitting device. 

Under such a background, a preferable method among methods 
of embodying a white light emitting device mainly uses a system 
combining a blue color light emitting device which has a 
relatively easy manufacturing method and an excellent efficiency 
with a phosphor which is excited by the blue color light 
emitting device and emits yellow color. In this way, a 
representative example of a system emitting white light using a 
phosphor uses a blue color light emitting device as an 
excitation light source and excites as an excitation light 
source emitting a yttrium aluminum garnet { YAG) phosphor, that 
is, a YAG : Ce phosphor which uses a cerium ion (Ce 3+ ) that is a 
rare earth trivalent ion as an activator from a blue color light 
emitting device. 

The white light emitting device can be used as various forms 
of package according to the utilization field. Representative 
white light emitting devices are classified roughly into a chip 
light emitting device (Chip LED) manufactured in a surface 
mounting device (SMD) form for applying to backlighting of a 



cellular phone and a vertical lamp using in a electric 
scoreboard, a solid display device, and an image display. 

On the other hand, indexes for using in analyzing a light 
characteristic of the white light emitting device are a 
correlated color temperature (CCT) and color rendering index 
(CRI) . 

In a case where a color of the moment that an object shines 
by omitting visible rays looks like the same as that in which 
some temperature of black body radiates, a temperature of the 
black body is regarded as the same as that of an object, and the 
correlated color temperature (CCT) means the temperature. As a 
color temperature is higher, the color becomes white color which 
is dazzling and tinged with blue color. That is, among the same 
white light, the white light having a low color temperature is 
felt somewhat warm, but the white light having a high color 
temperature is felt somewhat cold. Therefore, by adjusting the 
color temperature, a characteristic of special illumination 
requiring various color senses can be satisfied. 

A white light emitting device using a YAG:Ce phosphor has a 
somewhat high color temperature of 6000 to 8000K. 

The color rendering index (CRI) means the degree that an 
object color becomes different when lighting artificially 
manufactured is illuminated, compared with when sunlight is 
irradiated to an object and a CRI value is defined as 100 when a 



color of an object is the same as that of sunlight. That is, 
the color rendering index is an index showing the degree that an 
object color under an artificial lighting is near with a color 
when sun light is irradiated and has a figure from 0 to 100. 
Therefore, a white light source that the CRI approaches to 100 
has no difference from an object color that a human's eye 
recognizes under the sun light. 

The CRI of an incandescent lamp is 80 or more and that of a 
while fluorescent lamp is 75 or more, but the CRI of a 
commercialized white LED is approximately in a range of 70 to 
75 . 

Therefore, there is a problem in that a color temperature 
of a white light emitting device using a conventional YAG:Ce 
phosphor is somewhat high and the color rendering index thereof 
is somewhat low. Further, because only the YAG:Ce phosphor is 
used, it is difficult to control a color coordinate, a color 
temperature, and a color rendering index. 

Further, the YAG is relatively thermally deteriorated at a 
temperature of 100 TC or more and uses Y 2 0 3 among a nature 
material in composing the YAG and requires a high temperature of 
heat treatment at a temperature of 1500 TC or more, thereby having 
a disadvantage in a production price. 

Further, in order to change a light emitting main peak of 
the YAG to a red color area, when a rare earth trivalent ion is 



doped, light emitting brightness reduces. 
[Disclosure] 
[Technical Problem] 

The present invention is contrived to solve the above- 
mentioned problem and it is an object of the present invention 
to provide a phosphor having a thermal stability higher than a 
garnet phosphor and an improved characteristic and a light 
emitting device using the same. 

It is another object of the present invention to provide a 
phosphor in which silicate phosphors are mixed and included in a 
mold material of a light emitting device and a light emitting 
device using the same in order to control a color coordinate, a 
color temperature, and a color rendering index. 

It is still another object of the present invention to 
provide a phosphor capable of obtaining light suitable in 
various taste of a user and a light emitting device using the 
same so that a control of a color coordinate, a color 
temperature, and a color rendering index is possible by 
adjusting a mixed ratio of the phosphor. 

It is still further object of the present invention to 
provide a phosphor capable of reducing a manufacturing cost of a 
phosphor and a light emitting device and a light emitting device 
using the same. 
[Technical Solution] 
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According to an aspect of the present invention, there is 
provided a phosphor, wherein a first phosphor having a chemical 
formula of Sr 4 - x Mg y Ba z Si 2 O e : Eu x 2+ (0 <x< 1, 0 <ys 1, 0 <sz< 1) 
and a second phosphor having a chemical formula of Sr 3 _ x Si0 5 : Eu 2+ X 
(0 < x s 1) are used with mixed in a fixed ratio. 

According to another aspect of the present invention, there 
is provided a light emitting device including: a light source 
emitting exciting light; a substrate supporting the light 
source; a light transmitting member provided in at least one 
part around the light source; and a phosphor which is mixed in 
the light transmitting member and in which a first phosphor 
having a chemical formula of Sr 4 _ x MgyBa z Si 2 0 8 :Eu x 2+ (0 <x< 1, 0 
<y< 1, 0 2£ z <; 1) and a second phosphor having a chemical formula 
of Sr 3 - x Si0 5 : Eu 2+ X (0 < x s 1) are mixed in a fixed ratio. 

According to a further aspect of the present invention, 
there is provided a light emitting device including: a light 
source emitting exciting light; a light transmitting member 
provided in at least one part around the light source; and a 
phosphor which is received in the light transmitting member and 
in which a first phosphor having a light emitting main peak in a 
range of 500 to 600nm to a blue color light source and a second 
phosphor having a light emitting main peak in a range of 55 0 to 
600nm to a blue color light source are mixed in a ratio of 9.9 
: 0.1 to 5.0 : 5.0. 
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According to an even further aspect of the present 
invention, there is provided a surface mounting- type light 
emitting device including: a light source; a support supporting 
the light source; a light transmitting member provided in at 
least one part around the light source; and a phosphor which is 
mixed in the light transmitting member and in which a first 
phosphor having a chemical formula of Sr 4 _ x Mg y Ba z Si 2 O s : Eu x 2+ (0 
<x< 1, 0 sys 1, 0 <z< 1) and a second phosphor having a 
chemical formula of Sr 3 _ x Si0 5 : Eu 2+ X (0 < x s 1) are mixed in a 
fixed ratio. 

According to a still further aspect of the present 
invention, there is provided a lamp-type light emitting device 
including: a light source; a support supporting the light 
source; a light transmitting member provided in at least one 
part around the light source; and a phosphor which is mixed in 
the light transmitting member and in which a first phosphor 
having a chemical formula of Sr 4 -xMg y Ba z Si 2 0 8 :Eu x 2+ (0 <x< 1, 0 
sys 1, 0 <s z «s 1) and a second phosphor having a chemical formula 
of Sr 3 _ x Si0 5 : Eu 2+ X (0 < x < 1) are mixed in a fixed ratio. 
[Advantageous Effects] 

According to the present invention, it is possible to 
obtain a phosphor and a light emitting device having an improved 
characteristic and particularly control a color coordinate, a 
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color temperature, and a color rendering index of a light 
emitting device. 

Further, it is possible to reduce a manufacturing cost of 
the phosphor and the light emitting device. 
[Description of Drawings] 

The above and other features and advantages of the present 
invention will become more apparent by describing in detail 
exemplary embodiments thereof with reference to the attached 
drawings in which: 

Fig. 1 is a diagram illustrating a light emitting spectrum 
of a phosphor depending on a mixed ratio of a first and second 
silicate phosphors using in the phosphor according to the 
present invent i on ; 

Fig. 2 is a cross-sectional view of a surface mounting- type 
white light emitting device according to an embodiment of the 
present invent ion ; 

Fig. 3 is a cross-sectional view of a vertical lamp- type 
white light emitting device according to another embodiment of 
the present invention; and 

Fig. 4 is a diagram illustrating a light emitting spectrum 
of a white light emitting device according to an embodiment of 
the present invention. 
[Best Mode] 

The present invention will now be described more fully with 
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reference to the accompanying drawings, in which exemplary 
embodiments of the invention are shown. 

Fig. 1 is a diagram showing a light emitting spectrum of a 
phosphor depending on the mixed ratio of a first and second 
silicate phosphors using in the phosphor of the present 
invention. The respective graphs show a light emitting spectrum 
of a case where the respective phosphors are excited as an 
excitation light of 455nm. 

Referring to Fig. 1, a first graph 1 shows a light emitting 
spectrum of a first silicate phosphor having a chemical formula 
of Sr 4 _ x MgyBa z Si 2 0 8 :Eu x 2+ (0 <X< 1, 0 <y< 1, 0 <; Z < 1) 
composing the phosphor of the present invention. A fifth graph 
5 shows a light emitting spectrum of a second silicate phosphor 
having a chemical formula of Sr 3 _ x Si0 5 : Eu 2 * x (0 < x < 1) . 

The first silicate phosphor has a main peak of a light 

emitting spectrum in a range of 500 to 600nra depending on the 

density of Eu (europium) that is a structural element thereof 

and the second silicate phosphor has a main peak of a light 

emitting spectrum in a range of 550 to 600nm depending on the 

density of Eu that is a structural element. Further, the 

phosphor of the present invention uses that a main peak of the 

first and second silicate phosphors changes depending on 

specific density of Eu and a light emitting main peak thereof 

changes depending on the mixed ratio of the first and second 
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silicate phosphors . 

Hereinafter, a process that a main peak of a light emitting 
spectrum changes depending on the mixed ratio of the first and 
second silicate phosphors will be described in detail. 

A fourth graph 4 shows a light emitting spectrum of a case 
where the first silicate phosphor and the second silicate 
phosphor are mixed in a ratio of 8.5 : 1.5. A third graph 3 
shows a light emitting spectrum of a case where the first 
silicate phosphor and the second silicate phosphor are mixed in 
a ratio of 9.0 : 1.0. A second graph 2 shows a light emitting 
spectrum of a case where the first silicate phosphor and the 
second silicate phosphor are mixed in a ratio of 9.5 : 0.5. 

It can be seen that as a ratio of the first silicate 
phosphor increases, a wavelength of a light emitting main peak 
is shortened. On the contrary, as a ratio of the second 
silicate phosphor increases, a wavelength of a light emitting 
main peak is lengthened. 

As can be clearly seen from shown graphs, a light emitting 
main peak of the phosphor according to the present invention 
spectrum changes depending on the mixed ratio of the first and 
second silicate phosphors and has a wide light emitting spectrum 
area of 500 to 600iim. 

Taking into account a relation of such a mixed ratio, it is 
preferable that the mixed ratio of the first and second silicate 
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phosphors is in a range of 9.9 : 0.1 to 5.0 : 5.0. 

In a case where the phosphor according to the present 
invention is used in a white light emitting device, white light 
is produced and emitted by the composition of light excited by a 
phosphor and excitation light. 

Now, a light emitting device according to the present 
invention will be described in detail . 

Fig. 2 is a cross-sectional view of a surface mounting-type 
white light emitting device according to an embodiment of the 
present invention. As shown in Fig. 2, the surface mounting- 
type white light emitting device according to an embodiment of 
the present invention includes a lead frame 210 of an anode and 
an cathode, a light-emitting diode chip 220 for generating light 
when applying a voltage, a wire 230 for conducting the lead 
frame 210 and the light -emit ting diode chip 220, a light 
transmitting resin 240 molded around the light -emitting diode 
chip 220, and silicate phosphors 241 and 242 distributed in the 
light transmitting resin 240. 

The light-emitting diode chip 220 uses a near ultraviolet 
ray light-emitting diode chip which generates light having a 
main peak of a light emitting spectrum in a range of 400 to 
480nm by an applied voltage. Further, a laser diode, a surface 
light emitting laser device, an inorganic electroluminescence 
device, an organic electroluminescence device, etc. may be used 
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as a light emitting device having a light emitting peak in the 
same wavelength area in place of the near ultraviolet ray light - 
emitting diode chip. In a preferable embodiment according to 
the present invention, a light -emit ting diode chip of InGaN that 
is gallium nitrided based semiconductor is used. 

Further, a light transmitting resin 240 using as a molding 
member may use a light transmitting epoxy resin, a silicone 
resin, a polyimide resin, a urea resin, an acrylic resin, etc. 
The light transmitting resin 240 may preferably use a light 
transmitting epoxy resin or a silicone resin, etc. 

Further, the light transmitting resin 240 may entirely mold 
around the light -emitting diode chip 220, but it may partially 
mold in a light emitting portion as needed. That is, in case of 
a small light emitting device, it is preferable to entirely mold 
around the light -emitting diode chip, but in case of a high 
output light emitting device, it may be a disadvantage in a 
uniform distribution of the silicate phosphors 241 and 242 
distributed in the light transmitting resin 240 to entirely mold 
due to the large size of the light-emitting diode chip 220. In 
this case, it is preferable to partially mold in the light 
emitting portion. 

As the silicate phosphors 241 and 242 distributed in the 
light transmitting resin 240, a phosphor mixed with the first 
silicate phosphor 241 having a chemical formula of Sr 4 . 
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x Mg y Ba z Si 2 0 8 :Eu x 2+ (0<x< 1, 0 s y =s 1 , 0 <;z<; 1) are and the 
second silicate phosphor 242 having a chemical formula of Sr 3 . 
x Si0 5 :Eu 2+ x (0 < x <s 1) which are described in detail above is 
used. 

Here, it is preferable that a mixed ratio of the first 
silicate phosphor and the second silicate phosphor is in a range 
of 9.9 : 0.1 to 5.0 : 5.0. 

Now, a mixed ratio of the phosphor depending on a form of a 
light emitting device will be described in detail. 

First, in a case where a surface mounting- type white light 
emitting device is used in a top view type, it is preferable 
that a mixed ratio of the first silicate phosphor 241 and the 
second silicate phosphor 242 is in a range of 9.7 : 0.3 to 8.5 : 
1.5. Further, it is preferable that a content of the phosphors 
241 and 242 to the light transmitting resin 24 0 is in a range of 
10 to 30 wt%. 

Further, in a case where a surface mounting- type white light 
emitting device is used in a side view type, it is preferable 
that a mixed ratio of the first silicate phosphor 241 and the 
second silicate phosphor 242 is in a range of 9.5 : 0.5 to 8.0 : 
2.0. Further, it is preferable that a content of the phosphors 
241 and 242 to the light transmitting resin 240 is in a range of 
5 to 20 wt%. 

On the other hand, the phosphor according to the present 
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invention may be formed between a PCB and a keypad stacked on 
the PCB and used as a backlight light source for lightening the 
keypad. In this case, a mixed ratio of the phosphor according 
to the present invention and when the light transmitting resin 
is mixed and molded, a mixed ratio thereof are as follows. 

First, in case of a white color phosphor, it is preferable 
that the first silicate phosphor 241 and the second silicate 
phosphor 242 are mixed in a range of 9.7 : 0.3 to 8.5 : 1.5 and 
a content of the phosphors 241 and 242 to the light transmitting 
resin 240 is in a range of 20 to 50 wt%. 

Further, in case of a bluish white color, it is preferable 
that the first silicate phosphor 241 and the second silicate 
phosphor 242 are mixed in a range of 9.7 : 0.3 to 8.5 : 1.5 and 
a content of the phosphors 241 and 242 to the light transmitting 
resin 240 is in a range of 10 to 40 wt% . 

Fig. 3 is a cross -sectional view of a vertical lamp-type 
white light emitting device according to another embodiment of 
the present invention. 

Referring to Fig. 3, the vertical lamp- type white light 
emitting device includes a pair of lead frames 310, a light- 
emitting diode chip 320 for generating light when applying a 
voltage, a wire 330 for conducting the lead frame 310 and the 
light-emitting diode chip 320, a light transmitting resin 340 
molded around the light-emitting diode chip 320, and silicate 
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phosphors 341 and 342 distributed in the light transmitting 
resin 340, and a sheathing 350. 

The light transmitting resin 34 0 may entirely mold around 
the light -emitting diode chip 320, but it may partially mold a 
light emitting portion as needed. 

As the silicate phosphors 341 and 342 distributed in the 
light transmitting resin 340, as in the surface mount ing- type 
white light emitting device, a phosphor mixed with a first 
silicate phosphor 341 having a chemical formula of Sr 4 _ 
x Mg y Ba z Si 2 0 8 :Eu x 2+ (0 <x< 1, 0 <s y < 1, 0 < z <s 1) and a second 
silicate phosphor 342 having a chemical formula of Sr 3 _ x Si0 5 : Eu 2+ X 
(0 < x <s 1) is used. 

Specifically, in the light transmitting resin 340, the first 
silicate phosphor 341 having a chemical formula of Sr 4 . 
x Mg y Ba z Si 2 0 8 :Eu x 2+ (0 <x< 1, 0 < y <s 1, 0 <z< 1) emitting light 
which is excited by excitation light of 400 to 480nm wavelength 
generated from the light -emit ting diode chip 320 and has a light 
emitting main peak of 500 to 600nm and the second silicate 
phosphor 342 emitting light which is excited by the excitation 
light and has a main peak in a range of 550 to 600nm are mixed 
and molded to enclose the light emitting device chip 320. 

A size of average particle of the respective first and 

second silicate phosphors 341 and 342 is 20//m or less. The size 

of average particle thereof preferably is in a range of about 5 
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to 15 pm 

Here, a mixed ratio of the first silicate phosphor 341 and 
the second silicate phosphor 342 mixing with the light 
transmitting resin 340 is in a range of 9.9 : 0.1 to 5.0 : 5.0. 

A construction such as the light -emit ting diode chip 320, 
the light transmitting resin 340, and the first and second 
silicate phosphors 341 and 342 using in the vertical lamp-type 
of white light emitting device is similar with that of the 
surface mounting- type white light emitting device and thus the 
detailed description will be omitted. 

On the other hand, it is preferable that a content of the 
phosphors 341 and 342 to the light transmitting resin 340 
according to the present invention applying to a general light 
emitting device is in a range of 5 to 50 wt%, but a content 
ratio of a phosphor can be increased so that the content to a 
light transmitting resin of the phosphor according to the 
present invention applying to a high output light emitting 
device is in a range of 50 to 100 wt %. 

A process that white light is embodied in the surface 
mounting-type white light emitting device or the vertical lamp- 
type white light emitting device according to the present 
invention will be described in detail. 

Blue light (400 to 480nm) corresponding to near ultraviolet 
rays emitted from the InGaN light -emitting diode chips 220 and 
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320 passes through the first and second silicate phosphors 241, 
242, 341, and 342 before emitting to the outside. 

Here, a portion of light excites the first and second 
silicate phosphors 241, 242, 341, and 342 and generates light 
having a light emitting main peak in a range of each of 500 to 
600nm and 550 to 600nm and the remaining light is transmitted as 
blue color light . 

As a result, as the light excited in the first and second 
silicate phosphors 241, 242, 341, and 342 and the blue color 
light just transmitted are mixed, the white light emitting 
device according to an embodiment of the present invention shows 
white light. 

Fig. 4 is a diagram illustrating a light emitting spectrum 
of a white light emitting device according to an embodiment of 
the present invention. Intensity graphs for wavelength band 
shown in Fig. 4 show a light emitting spectrum of light emitted 
from the white light emitting device in a case where a mixing 
ratio of the first silicate phosphor having a chemical formula 
of Sr 4 -xMgyBa z Si 2 0 8 :Eu x 2+ (0 <x< 1, 0 sy< 1, 0 <; z < 1) and the 
second silicate phosphor having a chemical formula of Sr 3 . 
x SiO s :Eu 2+ x (0 < x s 1) is 9.0: 1.0. 

Referring to Fig. 4, it can be seen that the white light 
emitting device according to an embodiment of the present 
invention emits white light having a spectrum of a wide 
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wavelength of 4 00 to 700nm. 

As already described above, the light emitting main peak of the 
phosphor changes when a mixing ratio of the first silicate 
phosphor having a chemical formula of Sr 4 . x Mg y Ba z Si 2 O s : Eu x 2+ (0 
<x< 1, 0 <; y <; 1, 0 <sZ2£ 1) and the second silicate phosphor 
having a chemical formula of Sr 3 _ x Si0 5 : Eu 2+ X (0 < x s 1) composing 
the phosphor according to the present invention is changed and 
mixed in a light transmitting resin. Further, by using the 
property, a control of a color coordinate, a color temperature, 
and a color rendering index of the white light emitting device 
is possible according to the present invention. 
[Mode for Invention] 

A phosphor according to the present invent ionare is 
properly mixed with two kinds of silicate phosphors and emits 
white light and a light emitting device according to the present 
invention suggests a construction of a detailed light emitting 
device to which the phosphor is properly applied. 

Further, the present invention is characterized in that 
light having a property different from original light may emit 
by a specific phosphor mixed in a certain form of light emitting 
device chip to which a fixed wavelength band of light is emitted 
and a transparent member provided in the outside of at least one 
portion of the light emitting device chip. Therefore, a 

detailed construction of the light emitting device can be 
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changed within the extent of the spirit and scope of the present 
invention. 

Further, in the present invention, a specific mixture of a 
phosphor for emitting white light and a construction of a light 
emitting device suitable thereto are more preferably suggested. 

While the present invention has been particularly shown and 
described with reference to exemplary embodiments thereof, it 
will be understood by those skilled in the art that various 
changes in form and details may be made therein without 
departing from the spirit and scope of the present invention as 
defined by the appended claims, 
[industrial Applicability] 

According to the present invention, it is possible to 
provide a white light emitting device having a lower color 
temperature and a high color rendering index than a white light 
emitting device using a single phosphor. 

Further, by changing a mixed ratio of the first silicate 
phosphor and the second silicate phosphor, it is possible to 
control a color coordinate, a color temperature, and color 
rendering index. Therefore, it is possible to obtain more easily 
light of a state that a user wants. 

Further, a light emitting device according to the present 
invention provides the practicality using as an energy saving 
light source which replaces backlight for a color LCD of a 
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cellular phone, a LED lamp, and a LED or a fluorescent light for 
displaying at the inside of a train and a bus. 
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